We employed a cluster randomized trial design to measure the impact of a school based water, sanitation, and hygiene (WASH) improvement on pupil enrollment and on gender parity in enrollment, in primary schools in Nyanza Province, Kenya (2007Kenya ( -2009). Among schools with poor water access during the dry season, those that received a water supply, hygiene promotion and water treatment (HP&WT) and sanitation improvement, demonstrated increased enrollment (β=0.091 [0.009, 0.173] p=0.03), which translates to 26 additional pupils per school on average. The proportion of girls enrolled in school also increased by 4% (prevalence ratio (PR)=1.04 [1.00, 1.07] p=0.02). Among schools with better baseline water access during the dry season (schools that didn't receive a water source), we found no evidence of increased enrollment in schools that received a HP&WT intervention (β=0.016 [-0.039, 0.072] p=0.56) or the HP&WT and sanitation intervention (β=0.027 [-0.028, 0.082]p=0.34), and there was no evidence of improved gender parity (PR=0.99 [0.96, 1.02] p=0.59, PR=1.00 [0.97, 1.02] p=0.75, respectively). Our findings suggest that increased school enrollment and improved gender parity may be influenced by a comprehensive WASH program that includes an improved water source; schools with poor water access during the dry season may benefit most from these interventions.
Introduction
The world has made considerable gains in achieving universal primary education. However, by 2015 as many as 72 million primary school aged children will be out of school (UNESCO, 2011) . In addition, in developing countries the gender parity index of gross enrollment ratio -the proportion of girls attending out of all eligible girls over the proportion of boys attending out of all eligible boys -is 0.91. There are many factors that influence pupil enrollment, including governmental policy, community, and individual factors, such as distance to school, poverty, number of siblings, teacher to pupil ratio, overcrowding and perceived quality of education (Baschieri & Falkingham, 2009; Filmer, 2007; Huisman & Smits, 2009; Kazeem, Jensen, & Stokes, 2010; Wells, 2009 ). Access to water, sanitation, and hygiene (WASH) at school is an understudied factor that may be a critical enabling factor for enrollment, attendance, and learning (UNICEF, 2010).
There is limited, but compelling evidence on the health and educational impact of school WASH improvements. Studies in China, Egypt, and Kenya have shown that a school hygiene promotion campaign can reduce absence and absence due to illness by between 20% and 58%, in some cases, specifically for girls (Bowen et al., 2007; Freeman et al., 2012; Nandrup-Bus, 2009; Talaat et al., 2011) . Similar results have been found as part of a hygiene promotion and water treatment campaign (Blanton et al., 2010; O'Reilly et al., 2008) . A multilevel comparison of school, household, and individual-level characteristics found that latrine conditions were the only school-level WASH factor significantly associated with pupil absence .
Although the percentage of children in Kenya attending school has increased 31% in the past 10 years to 81%, 1.1 million primary school-aged children remained out of schoolsthe world's 7 th largest out-of-school population (UNESCO, 2011) . Among primary schools in Kenya, the gender parity index of gross enrollment ratio is 0.98, which is on course with UNICEF goals. However, in Kenya there is a trend of decreasing gender parity with age, and the gender parity index of gross enrollment ratio is only .92 among secondary schools. In Kenya, schools are allocated resources based on population parameters, but selection of a specific primary school is left to the family, and it is thus feasible that the provision of new WASH infrastructure may draw children to a specific school from surrounding areas.
The objective of this study was to assess how a school-based hygiene promotion, water treatment, sanitation, and water source improvement program increased enrollment of primary school pupils in western Kenya. We also assessed how these interventions might improve gender parity in enrollment, especially among females in the upper primary school grades.
Methods

Background and study design
We conducted a cluster-randomized trial to assess the impact of several different schoolbased WASH interventions on health and educational attainment of school pupils Greene et al., 2012) . The study took place in what were formally four districts of Nyanza Province, Kenya -Rachuonyo, Suba, Nyando, and Kisumu -between 2007 and . Here we present data on the impact of school water supply improvements, hygiene promotion and water treatment (HP&WT), and latrine construction on school enrollment, with specific attention to gender parity in enrollment.
A rapid survey assessing school WASH conditions was sent to every public primary school (n=1,084) in the geographic area; 83% of the surveys were returned. For logistical purposes, in collaboration with the Ministry of Education, the project stakeholders selected a sub-set of administrative divisions for inclusion in the research study. Schools with pupil to latrine ratios that exceeded the Government of Kenya standard of 25:1 for girls and 30:1 for boys were eligible for the study (Government of Kenya, 2008) . Schools were then divided into two groups based on access to water supply during the dry season, where two separate randomized controlled trials took place. Schools with a water source within one KM were eligible for the "water available" group. Schools that did not have an improved source within one KM or any source within two KM were eligible for the "water scarce" group. An improved water source was defined using the definitions designated by the UNICEF/WHO Joint Monitoring Program (wssinfo.org). These distance cutoffs were determined in collaboration with implementing partners and the Kenyan Government. Figure 1 shows the random sampling and allocation of schools. Of "water available" schools, 135 were randomly selected -stratified by geographic district -into three arms of 45 schools each: 1) HP&WT, 2) HP&WT and sanitation improvement, and 3) the "water available" control arm. The HP&WT intervention was based on an approach pioneered by the Centers for Disease Control and Prevention known as the safe water system, which includes water treatment at the point of use, safe storage of treated drinking water, and behavior change communication (Mintz, Reiff, & Tauxe, 1995) . Hygiene promotion consisted of a three-day training of teachers on the importance of hand washing with soap, provision of water containers with taps, and instruction on hygiene education. Teachers were instructed on behavior change approaches for use at school, including child-to-child approaches for hygiene education; the project implementers did not directly target students. Soap was not provided by the intervention, but schools were encouraged to purchase it. Water treatment improvements included the provision of narrow-mouthed containers with taps for drinking water storage, and a one-year supply of WaterGuard -a 1.2% chlorinebased point-of-use water disinfectant promoted by Population Services International. Schools that received sanitation improvements received latrines to bring the school to the government standard of pupil to latrine ratio, up to a maximum of seven latrines. School teachers were given training on the maintenance of the facilities, but no maintenance materials or consumable products, such as toilet tissue, were supplied.
Among "water scarce" schools, 50 were randomly allocated to two arms: 1) HP&WT, sanitation, plus water supply improvement (WS) and 2) the "water scarce" control arm. Water supply improvements consisted of a drilled borehole (groundwater conditions permitting) with piped access to the school (n = 12) or, in locations where groundwater was inaccessible with a drilled well, a 60m 3 rainwater harvesting system (n = 13). In both study groups, control schools received the intervention at the end of the study period. All children attending the 185 study schools received yearly deworming with 400mg of Albendazole.
Schools were selected for inclusion in the study by researchers using a random number generator. Random allocation of schools to study arms was conducted by the research manager following the baseline data collection, and was stratified by district. The interventions were implemented by CARE and Water.org, and neither communities nor data collectors were blinded to the intervention status of the schools. Enrollment of pupils was completely enumerated, so no sampling was done at the pupil level.
Of the 185 schools in the study, baseline enrollment data were missing for two schools (1%), which disallowed us from using these two schools in the analyses. One school in the control arm of the water available group was missing data for the outcomes of interest in the 2008 measure, but not 2009, allowing us to include this school for only 2009.
Data collection
The outcomes of interest -total enrollment and the proportion of enrolled students who were girls -were collected from official school records at the start of the school year for the pre-intervention measure (2007) 
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Data analysis
All analyses were carried out in SAS version 9.2 (Cary, NC, USA). Both the total enrollment and the gender parity analyses used mixed multilevel regression models. The data were analyzed using an intention-to-treat analysis.
For the school enrollment analysis, we employed multivariable linear regression using SAS's MIXED procedure. The outcome variable, school enrollment, was a cluster-level (schoollevel) variable, which was log-transformed to meet regression assumptions of normality. To make inference to total enrollment-rather than log enrollment-we back transformed the expected mean log enrollment (at baseline covariate levels) for both the intervention and control groups via exponentiation.
The outcome for the gender parity analysis was the probability of being a girl (or the proportion of girls) enrolled in school, an individual-level variable. Prevalence ratios (PR), comparing the proportion of girls in the intervention arm to the proportion of girls in the control arm, were calculated directly using multivariable log-risk regression using SAS's GLIMMIX procedure. While the proportion of girls enrolled in school is not a traditional measure of gender parity, this outcome was chosen as it allowed for a robust statistical analysis of how parity in enrollment is affected by the interventions. Data were analyzed by grade cohort, meaning that children in grade one in 2007 were considered to be grade two in 2008 and grade three in 2009. As such, pupils in grade seven at baseline had only one follow-up time point and grade eight pupils were not included in the analysis. Including interaction terms between grade-cohort and the intervention allowed us to ascertain different levels of effectiveness of the intervention by grade cohort. The intracluster correlation coefficient (ICC) was calculated using one-way ANOVA.
Unadjusted models (including only design variables) and adjusted models (also including potential confounders) were considered for both the total enrollment analysis and the gender parity analysis. In each of our analyses, the intervention variable was included in the model along with several design variables: baseline outcome measures (either baseline enrollment or baseline proportion of girls), which accounted for potential differences at baseline; district, which accounted for the stratified randomization; and year, which was used to assess repeated measures over the two years of follow-up. The models accounted for intracluster correlation by including a random effect for school, and for correlation between repeated measures over time by specifying the working correlation matrix (Hayes, Moulton, & Morgan, 2009 ). The adjusted total enrollment and gender parity models are shown below, and only vary from the unadjusted models in that the confounders are included in the models.
Total enrollment model:
Y ijk represents total school log enrollment, where there are observations at time i (2008 or 2009) , in the j th school, within the k th district. Intervention, year, district, and each of our confounders (floor, electricity, and roof type) are represented by indicator variables. Baseline is the number of pupils enrolled at a given school in 2007, before the intervention. u 0jk represents a random intercept for the j th school within the k th district, and e ijk represents the residual. A systematic model selection strategy was used to assess if there were significant interactions of any of the variables with the intervention, and if there were potential confounders (Kleinbaum & Klein, 2002) . The three potential confounders that were chosen a priori were floor type (cement floors, earth floors, or both), electricity, or iron sheet roofs, all of which were considered to be potential measures of school-level wealth.
Results
Baseline conditions
School conditions at baseline are presented in Table 1 . Few schools had electricity (0%-4%) and nearly all had iron sheet roofing (98%-100%). There was a slight imbalance at baseline in the floor variable, which was most pronounced in the water available group, where 33% of the HP&WT arm had earth floors, 45% of the HP&WT + Sanitation arm had earth floors, and 50% of the control arm had earth floors. Most other demographic variables, including access to water, pupil/latrine ratio, water available during school visit, and hand washing water were generally balanced between intervention arms.
In the water scarce group, the mean baseline enrollment for the HP&WT + Sanitation + WS arm was 332 pupils per school, and the control arm had 361 pupils per school (Table 2) . However, in the water available group, the control arm was smaller (274 pupils per school) than the two intervention arms (355 and 344 pupils per school). At baseline, the mean proportion of girls was similar for all five study arms and ranged between 47% and 48% girls per school. The baseline proportion of girls decreased with increasing grade, and was generally the highest among those in grade one (50%-51%) and the lowest among those in grade seven (38%-43%; data not shown).
Total enrollment
In the linear regression analyses for the water scarce group, log enrollment increased in the schools that received the HP&WT + Sanitation + WS intervention, compared to those in the control arm (adjusted: β=0.091 [0.009, 0.173] p=0.03; Table 3 ). When back transforming these results from log enrollment to total school enrollment, this translates to a 9% increase in mean (geometric) school enrollment in the schools that received the intervention compared to the control group, or a 26 pupil increase per school due to the intervention, and represents the average increase over both years of follow-up. An additional analysis found that of the schools in this HP&WT + Sanitation + WS arm, the adjusted estimate for the 12 schools that received the drilled borehole was β=0. Table 3 ). These differences, if significant, would translate to an overall increase of 6-8 pupils due to the interventions.
Gender parity in enrollment
In the water scarce group, the multivariable log risk regression analysis revealed a 4% average increase in the proportion of girls enrolled in intervention schools compared to control schools, over the two years of follow-up (adjusted model prevalence ratio (PR)= 1.04 [1.00, 1.07] p=0.02; Table 3 ). The ICC for the proportion of girls enrolled in the water scarce group at baseline was 0.03 [0.00, 0.11]. When grade was included as an interaction term with the intervention effect, to get grade-specific effects, data revealed that the grade cohort that benefits most from the intervention are girls who were in the sixth grade cohort (and would be 8th graders in 2009). In the sixth grade cohort, there was a 9% average increase in the proportion of girls enrolled in the intervention schools, compared to the control schools over the two years of follow-up (PR=1.09 [1.02, 1.18] p=0.02; Figure 2 ). In the seventh grade cohort, the proportion of girls enrolled in 2008 (seventh graders were only followed for one year) was 7% higher in the intervention schools than the control schools, but was not statistically significant (PR=1. 07 [0.95, 1.19 
] p=0.26).
In the water scarce group, there was a gradual decrease in the effect of the intervention with increasing grade within lower primary school-grades one through four (Figure 2 ). For grade one there was a 6% increase in the proportion of girls in the intervention arm compared to the control arm (PR=1. In the water available group, we found no effect of the intervention on gender parity in enrollment from either the arm that received WT&HP (PR=0.99 [0.96, 1.02] p=0.59) or the arm that received HP&WT and sanitation (PR=1.00 [0.97, 1.02] p=0.75; Table 3 ). We also found no effect on enrollment parity by grade for either of the intervention arms in this group (Figure 2) . The ICC for the water available group was 0.03 [0.00, 0.08].
Discussion
The results of the various school based WASH improvements were mixed. We found evidence that schools classified as "water scarce" that received a comprehensive WASH intervention, including a water supply improvement, did show a substantial and significant increase in enrollment. We also found that increased school enrollment in that group coincided with improvements in gender parity in school enrollment, which was primarily driven by increases in the proportion of girls in grades one, six, and seven (the study design prevented an assessment at grade 8). Among those schools classified as "water available" that received the HP&WT intervention or the HP&WT and sanitation intervention, but no water supply improvement, we saw no significant improvement in enrollment or gender parity.
WASH improvements may provide an appealing environment to pupils and parents, through non-health mechanisms, such as through added amenities, convenience, privacy, and even added pride in one's school. One potential mechanism of effect is that that new water sources reduce the burden of water collection on children at school and/or home. This is supported by our gender parity analysis, which found improved enrollment specifically for girls, as it is known that the burden of water collection largely falls on women and girls in sub-Saharan Africa (UNICEF & WHO, 2012) . In schools that received a drilled borehole, the community managed the water supply, and community members were permitted access. As such, the water supply component may have had effects beyond that of a strict schoolbased intervention. This mechanism would be dependent on improved water access, and may explain why we observed improvements only in those schools that received an improved water source.
Another potential mechanism for improvements in gender parity for enrollment is that a comprehensive WASH program that includes water source improvements may be particularly important to girls as they reach the age of menarche (McMahon et al., 2011; Pearson & McPhedran, 2008; Sommer, 2010) . Our results in the water scarce schools were most pronounced during sixth and seventh grades, the grades when girls would likely be reaching menarche. The water supply could be important for effective personal hygiene, but shouldn't be considered independent from the other WASH components in the intervention, as water might also be necessary for the effective cleaning and use of latrines and latrines might allow for a private location where personal hygiene can take place.
Substantial facility improvements-WASH or otherwise-at a school, may influence parents to send their children, both boys and girls, to that school at a higher rate. It may be that in the context of this study, schools without a water supply at baseline benefitted more because the school improvements were more easily perceived by parents and students in a way that may have encouraged enrollment. A more notable improvement among schools with poorer baseline water availability might explain why we saw increases in the proportion of girls enrolled in the water scarce group, but not the water available group.
It is also possible that the improvements were through a health related mechanism. It has been well documented that poor WASH conditions may result in a variety of illnesses, such as diarrhea, helminth infection, and acute respiratory infection (Rabie & Curtis, 2006) , which may lead to absenteeism (Bowen et al., 2007; Freeman et al., 2012) , and could feasibly lead to eventual dropout. Although absenteeism and decreased enrollment are both measures that represent children not attending school, they are different outcomes in that the former is often temporary and the latter reflects a more permanent state of non-attendance and even actual drop-out. While possible that reduction in illness contributed to changes in our outcomes, it seems unlikely, especially as we saw no differences in the water available schools that received either HP&WT, or HP&WT + Sanitation, but no water source.
A comparison of the effect of comprehensive WASH in the "water scarce" group that included a water supply improvement and the effect of interventions in the "water available" group that did not include a water supply should be approached with caution. The underlying sampling frame of these two groups was different and the "water scarce" schools had, by design, lower WASH access at baseline and were likely located in poorer communities. Our results suggest that an improved water source is integral to increased enrollment and improved gender parity, but we cannot know if these improvements were due to the water source by itself, or to the water source working in concert with the other WASH elements. Furthermore, while it seems that this intervention may be most important for water scarce schools, water available schools might have also benefitted from an improved water source. It is possible that we simply overestimated the quality and availability of the water supply in the water available schools. Table 1 shows several similarities in water availability at baseline, but it should be noted that these baseline measures compared water availability during the rainy season, and not water availability during the dry season which is what was used to differentiate between the "water scarce" and "water available" groups.
These data complement other findings from this trial, which suggest that the basic HP&WT package of interventions reduced absence among girls, but not boys and that there was no impact of the comprehensive HP&WT, sanitation, and water supply intervention on absence in water scarce schools (Freeman, unpublished data) .
There were several limitations to the study. First, the intervention was not blinded, which has the potential to lead to reporting biases. However, both of the outcomes were collected from official school records and therefore were not likely to have been affected by any differential reporting bias. Second, we did not have the ability to track individual pupils, so we cannot know if increases in enrollment were due to increased retention, to increased enrollment from new enrollees, or if they were due to pupils transferring between schools. Given that over the surveillance period enrollment declined in the controls, and given the notable improvements in the gender parity in the upper grades, it is probable that the interventions may have reduced the drop-out relative to the controls rather than increased enrollment. Third, the results may have been affected by political upheaval in early 2008 following the presidential election, which led to migration in each of the districts, but especially in Nyando/Kisumu. However, when controlling for district, the results are similar, and the intervention did not have a differential effect based on the study area. Finally, the uptake and compliance of the WASH interventions was heterogeneous and the achievements in some schools was sub-optimal . Low compliance in the intervention arms may bias results towards the null.
Conclusions
To our knowledge, this is the first study to use a randomized design to test the impact of school WASH improvements on enrollment and parity in enrollment. We found compelling evidence that a comprehensive WASH improvement program in schools with poor water access during the dry season schools led to increases in overall school enrollment, and as girls were impacted more than boys, the intervention improved enrollment parity. Additional research could elucidate the specific mechanism of enrollment by tracking pupils longitudinally and confirm the role of individual WASH characteristics in pupil retention. Qualitative research regarding the factors leading to school choice in resource-poor areas would also be of value. Table 1 Distributions of covariates at baseline, shown by water availability and intervention arm. Mean pupil/latrine ratio (SD)
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